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En juin 2003, un projet scientifique a été mis en œuvre au Centre de Recherches 
Routières (CRR) à Sterrebeek (la Belgique). Un parking a été construit afin de tester 
différents types de chaussées poreuses et de fondations perméables. 
Le document montre les résultats obtenus pour deux pluies abondantes en 
septembre 2005, et ce pour trois types différents de pavés de béton perméables ainsi 
que deux types de structure de fondation. Les résultats montrent qu’une rétention 
significative des précipitations est atteinte dans tous les cas et que le type de 
fondation joue un rôle majeur dans la réponse hydraulique de la structure pavée 
perméable. Aucune différence significative n’a pû être constatée entre les différents 
types de pavés. 
 
ABSTRACT 
In June 2003 a research project on permeable concrete block paving was initiated at 
the Belgian Road Research Centre (BRRC) in Sterrebeek (Belgium). As part of the 
project a parking area was constructed to test the rainfall runoff retention capacity of 
different types of permeable concrete block paving and different types of base layer.  
The paper shows the results for two storms in September 2005 for three different 
types of permeable block paving and two different types of base layer. Results show 
that a significant retention of rainfall runoff is attained in all cases and that the type of 
base layer plays a major role in the hydraulic response of the permeable pavement 
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1 INTRODUCTION 
During the last couple of decades urbanisation has led to a rapid increase of the area 
of sealed surfaces. As a result less water can infiltrate into the soil and higher 
amounts of runoff water need to be conveyed. Not only the amount of runoff, but also 
the pace and the rate at which runoff occurs increase when the natural soil is sealed, 
enlarging the risk of flooding. Hence measures need to be taken to restore the natural 
water balance by slowing down and reducing (peak) runoff during storm events and 
by recharging the groundwater by rainwater infiltration. Permeable paving can be 
seen as one of those measures (e.g. Acioli et al. (2004), Pratt et al. (1995)). 
In June 2003 a research project was initiated at the Belgian Road Research Centre in 
Sterrebeek (Belgium). The project is funded by the institute for promotion of 
innovation by science and technology in Flanders (IWT) and aims at gaining 
knowledge and expertise regarding the permeability and storage capacity of 
permeable concrete block paving. The project comprises laboratory tests regarding 
structural aspects and permeability of the paving material itself and the base and sub 
base materials and, secondly, field tests on bare, natural soils and permeable 
pavings. As part of the project a parking area was constructed on the premises of the 
Belgian Road Research Centre to test different types of permeable concrete block 
paving and different types of base layer. 
 
2 EXPERIMENTAL TEST SITE 
Twelve different testing lots are constructed (testing lot area: approximately 120 m2). 
Each testing lot consists (see figure 1) of a concrete block paving (including joint 
filling) on top of a street layer (thickness: 0.04 m), supported by a base layer 
(thickness: 0.18 m) and a sub base layer (thickness inbetween 0.22 and 0.30 m). At 
five of the testing lots the base layer and the sub base layer are merged into one 













Figure 1. – Design of the permeable block paving testing lots  
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Four different types of concrete block paving are used: concrete block paving with 
drainage holes, concrete block paving with enlarged joints, porous concrete block 
paving and conventional (not permeable) block paving (see figure 2).  
 
  
Figure 2. – Different types of concrete block paving: (from left to right) block paving with drainage 
holes, block paving with enlarged joints, porous block paving and conventional block paving,  
 
The joint filling and the type of street layer underneath the concrete block paving is 
chosen as a function of the type of block paving. Regarding porous concrete block 
paving, water can pass through the block itself. Hence a less permeable joint filling 
material (i.c. sand of Lustin 0/2 (0-2 mm) with a limited amount of fine material) was 
chosen in order to increase the stability of the paving. As for the concrete block 
paving with drainage holes and the concrete block paving with enlarged joints, a more 
permeable joint filling material (i.c. crushed porphyry 2/4) was adopted. The porous 
concrete block paving has a street layer composed of crushed porphyry 0/7, whereas 
the concrete block paving with drainage holes and the concrete block paving with 
enlarged joints have a street layer composed of crushed porphyry 2/7. This choice is 
driven by the fact that with a porous concrete block paving water can infiltrate on a 
larger area. Hence it is allowed to have a slightly less permeable street layer 
underneath the permeable paving. With the other types of paving the infiltration area 
is limited to the enlarged joints or the drainage holes. At those locations the street 
layer needs to have a higher permeability for the water to infiltrate into the 
substructure.  
Two types of base layer are used. The first of which consists of a base layer of 
0.18 m of crushed porphyry 2/20 on top of a sub base layer of inbetween 0.22 and 
0.30 m of crushed limestone 7/32. The other type of base layer consists of inbetween 
0.40 and 0.48 m of crushed limestone 0/32 (of which less than 30% is smaller than 
0.002 m, less than 20% is smaller than 0.001 m and less than 3% is fine material).  
At ten of the twelve testing lots an impermeable membrane is installed at the sides 
and at the bottom of the testing lot. This membrane aims to collect all water and to 
transport it, by means of a drainage pipe at the bottom of the testing lot (slope: 3%), 
to the measuring site. At the two lots without an impermeable membrane, water is 
allowed to infiltrate into the loamy soil of Sterrebeek. A drain collects the excess water 
that is not infiltrated into the soil and transports it to the measuring site. 
At five of the testing lots a geotextile is present between the street layer and the base 
layer. The geotextile is used to prevent silting of the base layer. A drawback of this 
approach is that, due to clogging of the geotextile, the permeable structure looses 
some of its hydraulic capacities. Many authors (e.g. Pratt , 1990, Niemczynowicz, 
1990 and Hogland et al., 1987) have on the other hand illustrated that clogging of the 
geotextile is an important mechanism for particulate removal. Nonetheless, a 
geotextile should be avoided as much as possible, to prevent one layer from sliding 
over another under the action of traffic. Newton et al. (2004) have shown that still 
effective sediment removal can be achieved without a geotextile and that the risk of 
clogging can be minimised by making the full depth of the permeable structure 
available for sediment storage. Note that not only clogging of the geotextile can cause 
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a loss of the hydraulic capacity of the permeable paving, but also clogging of the 
joints, drainage holes, etc. (Rommel et al., 2001). 
In addition to the ten zones on the main parking, two test sections were constructed 
with grass grid tiles, to investigate the influence of the amount of humus in the upper 
layer on the growth of grass. One lot is constructed with a sand and peat addition in 
the joint filling and the street layer. The other lot is constructed with a sand and 
humus addition. During the first growth season, the growth rate of the grass was 
better at the testing lot with sand and peat addition in the joints. After one year 
however, due to frequent use of the parking lots, the difference between both testing 
lots with grass grid tiles was minimal in terms of grass growth. 
Table 1 gives an overview of the different components and the materials used for 
each of the twelve testing lots. 
 
test site no. 1 2 3 4 5 6 7 8 9 10 11 12 
block paving             
conventional . . . . . . . . x x . . 
drainage holes x . . . . . . x . . . . 
enlarged joints . x . . . . x . . . . . 
porous . . x x x x . . . . . . 
grass tiles . . . . . . . . . . x x 
joint filling             
0/2 sand of Lustin . . x x x x . . x . . . 
white sand . . . . . . . . . x . . 
2/4 crushed porphyry x x . . . . x x . . . . 
sand & peat . . . . . . . . . . x . 
sand & humus . . . . . . . . . . . x 
street layer             
2/7 crushed limestone . . . . . . . . x . . . 
0/7 crushed porphyry . . x x x x . . . x . . 
2/7 crushed porphyry x x . . . . x x . . x x 
+ sand & peat . . . . . . . . . . x . 
+ sand & humus . . . . . . . . . . . x 
geotextile . . . x x . . . . x x x 
base layer             
0/32 crushed limestone . . x . . x x x x . . . 
2/20 crushed porphyry x x . x x . . . . x x x 
sub base layer             
7/32 crushed limestone x x . x x . . . . x x x 
impermeable membrane x x . . x x x x x x x x 
Table 1. – Overview of the design of each of the testing lots  
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3 MEASURING SITE 
A drain at the bottom of each testing lot collects the water that has passed through 
the permeable structure and conveys it to a measuring site. The measuring site 
consists of a pipe system having one inlet and two outlets (see figure 2). The drain is 
connected to the inlet of the pipe system. A pressure sensor at the bottom of the pipe 
system is used to record the water level in the pipe system. When the water level in 
the pipe system exceeds a given level hA (see figure 2), water can leave the pipe 
system through a small pipe having a restricted diameter (with respect to the main 
diameter of the pipe system) of 0.003 m (outflow A). When the water level in the pipe 
system exceeds a given level hB, water can leave the pipe system through an 
additional pipe having a restricted diameter of 0.005 m (outflow B). By linking, through 
calibration, the measured water level to a flow rate, the discharge out of the pipe 










outflow A outflow B
Figure 2. – Measuring site  
 
The choice of this type of measuring system is not optimal since not the flow out of 
the permeable paving structure is measured but the flow out of the pipe system. Due 
to the fact that the flow rate at which the water can leave the pipe system is limited by 
the restricted diameters of the outlet pipes, not all of the water that has passed 
through the permeable structure can be immediately conveyed to the discharge point. 
Hence part of the water will be stored in the pipe system, the drain and the permeable 
structure. As a consequence an “incorrect” flow rate is measured. Replacement of the 
actual measuring system with other types of measuring systems for permeable 
pavings, such as a V-notched weir (Daligault et al., 2001; Grange et al., 1995; 
Newton et al., 2004), a venturi flume (Daligault et al., 2001), an inductive flow meter 
(Fach et al., 2002) or a tipping bucket rain gauge (Mentens et al., 2004), has to be 
considered. Analysis of the measured water levels in the pipe system can 
nonetheless provide useful results in terms of the hydraulic response of the 
permeable paving structure to rainfall. 
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4 RESULTS AND DISCUSSION 
Data of two storms in September 2005 are analysed. The first storm (on 10/09/2005) 
can be characterised by a duration of 248 minutes, a total rainfall depth of 0.0255 m 
and a maximum rainfall intensity of 2.74·10-5 m/s (= 98.6 mm/h). The second storm 
(on 15/09/2005-16/09/2005) can be characterised by a duration of 1086 minutes, a 
total rainfall depth of 0.0173 m and a maximum rainfall intensity of 1.35·10-5 m/s (= 
48.7 mm/h). Figure 3 shows the one-minute rainfall data that were recorded at the 
test site during both storms. Although two sub events can be distinguished in the 
second storm, both sub events are treated as one single storm as they lead to one 
































































Figure 3. – One-minute rainfall data recorded at the test site for a storm on 10/09/2005 and a 
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Figure 4. – Measured water level during two storms for the porous concrete block paving 
constructed i) with a base layer of 2/20 crushed porphryry and a sub base layer of 7/32 crushed 
limestone and ii) with a base layer of 0/32 crushed limestone  
 
Figure 4 shows the measured water level during both storms for the porous concrete 
block paving and two different types of base and sub base layer. As can be seen in 
figure 4 a base layer composed of a finer material (i.c. a base layer of 0/32 crushed 
limestone) leads to a longer retention of the water in the permeable structure than a 
base layer comprised of a coarser material (i.c. a base layer of 2/20 crushed porphyry 
on top of a sub base layer of 7/32 crushed limestone). The same observations were 
made for the concrete block paving with drainage holes and the concrete block 
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paving with enlarged joints, albeit that in the latter case the difference between both 
types of base layer is less pronounced. 
When comparing figure 3 with figure 4, it can be seen that it takes two hours or more 
after the beginning of the storm of 10/09/2005 before a significant increase of the 
water level in the measuring system can be observed. As for the second storm, it 
takes six hours (or more) before a significant increase of the water level in the 
measuring system can be observed. Hence significant differences in hydraulic 
response to rainfall can be seen, depending on rain event characteristics and 
antecedent conditions. 
Figure 5 shows the measured water level during both storms for the concrete block 
paving with drainage holes, the concrete block paving with enlarged joints and the 
porous concrete block paving, all having the same type of base layer (i.c. a base layer 
of 0/32 crushed limestone). Some differences between the different types of concrete 
block paving can be seen. However, these differences are not as significant when 
compared to the observations that were made analysing the effect of the type of base 
layer. Whereas figure 5 suggests that with porous concrete block paving the retention 
time of the water in the permeable structure is longer than with concrete block paving 
with enlarged joints and concrete block paving with drainage holes, an analysis of the 
same type of comparison for the permeable structure having a base layer of 2/20 
crushed porphyry on top of a sub base layer of 7/32 crushed limestone, leads to other 
results. Hence it can be concluded that the type of permeable concrete block paving 
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Figure 5. – Measured water level during two storms for different types of concrete block paving 
constructed with a base layer of 0/32 crushed limestone 
 
5 CONCLUSIONS 
Analysis of the measurement results of two storms in September 2005 shows that a 
significant retention of rainfall runoff, depending on the rain event characteristics and 
the antecedent conditions, is attained for all three types of permeable concrete block 
paving and both types of base layer. No surface runoff has been observed during the 
events. No significant differences in rainfall retention could be seen between concrete 
block paving with drainage holes, concrete block paving with enlarged joints and 
porous concrete block paving. The type of base layer, however, plays a major role in 
the hydraulic response of the permeable pavement structure: a finer base layer leads 
to a slower passage through the permeable structure and to a longer retention of the 
rainfall runoff. As it is always the case with permeable paving, a compromise between 
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